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Abstract 
 Coal and gas outburst is one main disaster in coal mine production, so it is very significant to prevent the coal and gas outburst 
effectively. Based on the stress-relief zone theory, we establish the stability condition of stress-relief zone in a coal mine laneway 
and find out the relationship between the stress-relief zone and the coal and gas outburst risk and analyze the function of stress-
relief zone in preventing coal and gas outburst. The Technique of The High-Pressure Jet of Abrasive Drilling Slotting Integration 
combined with the techniques of The High-Pressure Jet of Abrasive Slotting and drilling is developed to prevent outburst.  The 
combined new technique can improve the effective effected range of pressure relief zone around a single drilling-hole, which can 
reduce coal and gas outburst by combining "point" , "line", "surface", and "body" of the front of working face coal mass. The 
technique can reduce coal and gas outburst risk effectively and realize safe production. Practical engineering applications in 
YanJin NO.1 Mine of Chongqing Tianhong Mining Group indicate that this technique is effective, and can be applied to the 
relevant engineering projects. 
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1. Introduction 
In China, nearly half of the State-owned key coal mines are high-gas or coal and gas outburst mines, which is a 
serious threat to the safe production in coal mine. Moreover, with the increase of mining depth, the number of high-
gas coal mine tends to increase. Gas outburst accounts for the highest proportion in coal mine accidents. At last 1/3 
of coal-mine death induced by gas outburst including 80% of serious accidents. So, how to precisely forecast and 
effectively prevent gas outburst is one of the important issues studied in the fields of mining. 
At present, coal mine gas outburst accidents mainly include coal and gas outburst and gas explosion, and coal and 
gas outburst accidents occur in the heading face of coal-seam laneway accounting for the highest proportion. The 
taken technical measures to prevent coal and gas outburst of coal-seam laneway heading face mainly include 
advancing drilling-hole, deep-hole water flooding, hydraulic punching, deep-hole loose blasting, deep-hole 
controlled blasting and so on. However, the results are not satisfactory due to the complex geological conditions and 
the serious coal and gas outburst. Otherwise, there has a large gap between researches and demands for the safe 
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production in China, and the behindhand safety situation has still not been completely changed. Therefore, new 
technique of preventing coal and gas outburst seem to be an urgent need. 
According to nowadays practical situation, we propose an effective technique which combined the advancing 
drilling-hole and abrasive water jet slotting, which can transfer the stress concentration of the front of the working 
face, emitting gas from coal seam and eliminating the risk of coal and gas outburst. 
2. Gas outburst conditions based on the stress-relief zone theory 
2.1. Stability conditions of stress-relief zone  
The original rock stress has been destroyed due to working face mining, and the stress of around laneway and the 
front of the coal mass shall redistribute, coming into being stress-relief zone, stress concentration zone, and original 
stress zone. In coal mass with gas, the stress state, gas density, especially the width and its bearing capacity of 
stress-relief zone have a big effect on coal and gas outburst. Practical projects show that if there is a stress-relief 
zone with sufficient width in front of the working face, the power phenomenon may not appear [1].  
Based on the analysis of the effect factors of stress-relief zone size and its changing with time and space, we 
know that the size of stress-relief zone is a complex of multiple factors of coal and gas outburst, which determines 
whether gas outburst occur or not. According to the stability conditions of stress-relief zone, the safe width of stress-
relief zone can be expressed by: 
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The safe width of stress-relief zone (X0) is directly proportional to coal seam thickness (m), stress ( yσ ) and gas 
pressure (p), inversely proportional to strength of coal ( Tσ ). 
2.2. Relationship between laneway stress-relief zone and coal and gas outburst   
When the width of stress-relief zone is larger than or equal to the safe width (X0), coal and gas outburst 
accident may not occur. Theoretical analysis shows that the stability conditions of stress-relief zone in the coal seam 
laneway can be expressed by: 
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In equation (2), M=CA0cotφ, and B=2tanφ/mA0. Therefore, in front of the working face, the stress-relief zone 
looks like a fortress that protecting the coal and gas outburst. Equation (2) suggests that the more narrower of the 
width of the stress-relief zone, the more steeper of the gradient of the gas pressure, so coal and gas outburst accident 
may likely to occur. 
3. Outburst prevention technique 
In order to prevent the outburst accident occurring in front of the coal seam laneway, the width of stress-relief 
zone may be artificially increase to ensure the safe production based on stress-relief zone theory. 
3.1. Principles of technique 
Stress-relief zone and outburst risk analysis show that the proper thickness of stress-relief zone can be determined 
according to different geological conditions in order to prevent the outburst accident. 
The study pointed out that a fracture with 4cm height may relieve the pressure if the coal seam is buried in the 
depth of 500m [2]. Gas of coal seam exists in dissociation and adsorption states, and adsorption state gas accounts for 
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about 90%. The gas of dissociation and adsorption can transforms to each other with the pressure changes. When the 
pressure of dissociative gas is lower than the adsorptive, the adsorption may convert to dissociation quickly, the 
same as contrary conduction. Therefore, the key step of gas exploitation are increasing the permeability of coal 
seam, dredging the seepage channel of gas, which can exhaust the dissociative gas to decrease the pressure. 
In order to prevent the coal and gas outburst in the front of the working face, the width of the stress-relief zone 
shall be increased, which can eliminate or depress stress and gas pressure. The coal seam affected by the integrative 
high-pressure jet of abrasive drilling slotting may rise partial displacement, inducing stress release and transfer and 
realizing pressure relieve. At the same time, this method can change the state of the original coal seam cracks and 
increase the permeability properties, accelerating gas desorption and relieving gas pressure. Its working principle is 
shown in Fig. 1. 
 
Fig. 1.The sketch map of the working principle of technology 
3.2. “Point” pressure relief technique   
The drilling steps of the technique of integrative high-pressure jet of abrasive drilling slotting include the 
technique of advancing drilling hole in coal seam laneway. We can make a series of points in coal seam with this 
technique before mining working face. Through these points, the coals in the front of the coal seam laneway shall 
relieve the stress. But due to the complex geological conditions, different point of the working face may appear 
different outburst risk. Therefore, “point” pressure relief only can induce local place outburst, and cannot complete 
eliminate outburst risk. The principle of “point” pressure relief is shown in Fig. 2. 
 
Fig. 2. The sketch map of the “point” pressure relief  
3.3. Mechanism of pressure relief technique 
The technique of integrative high-pressure jet of abrasive drilling slotting can further improve the “point” 
pressure relief. The detailed steps are described as follows. The muzzle will move together when the drilling 
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machine is in backward process. At the same time, the water jet will dig three slots normal to the drilling with 
certain thickness and width, and the angle among each slot is 120°. The three slots just look like three thin three- 
dimensional body, which realizes the pressure relief mechanism from “point” to “line” to “surface”, and its work 
principle is shown in Fig. 3. 
 
Fig. 3. The sketch map of  “Line” and “surface” pressure relief mechanism  
The three slots are just look like three protective layers in a small range, which will redistribute the stress and 
promote gas emission, and final to improve the enduring ability of coal and gas outburst. If a series of slots is dug in 
the front of the laneway covering the whole zone, the pressure will relieve completely, and its principle is shown in 
fig. 4. 
 
Fig. 4. The sketch map of the effected overall pressure relief zone 
4. Analysis of gas flowing and ground stress changing  
4.1. Effecting on the permeability  
The coal mass stress of the heading face transferred to the deep ground after using the technique of integrative 
high-pressure jet of abrasive drilling slotting, so the stress in the coal mass of heading face goes through a state from 
original stress to stress concentrate and then be depressed. In this process, the permeability properties of the coal 
mass changes with the ground stress changes. As a result, the permeability is improved in the stress-relief zone and 
depressed in the pressure concentrate zone.  
4.2. Effecting on ground stress and gas pressure 
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For each drilling in coal seam, plastic limit equilibrium zone formed around a single drilling is shown in Fig. 5. 
The gas flowing into each drilling mainly comes from the plastic limit equilibrium zone around the drilling. The gas 
of larger range may release with the larger plastic limit equilibrium zone. After carrying out the technique of 
integrative high-pressure jet of abrasive drilling slotting, the plastic limit equilibrium zone can be enlarged around a 
single hole, and the gas will enough release.  
 
Fig. 5. Stress distribution around a single drilling hole 
After carrying out the technique of integrative high-pressure jet of abrasive drilling slotting, the coal around the 
drilling is segmented into three parts. New cracks can form in both sides of each slot due to the relived ground stress, 
and the gas flowing ability is enlarged. A lot of gas release into the drilling because of the consistency and gas 
pressure gradient, and flow into the laneway connected with the drilling hole. At last, gas pressure in the coal mass 
is decreased heavily, and gas internal energy is eliminated. The gas flowing model is shown in Fig. 6. 
 
Fig. 6. Gas flowing model around the drilling  
5. Applications and analysis 
In order to test the technique effect, we choose the working face of uncovering coal seam in cross cut in YanJin 
NO.1 Mine of Chongqing Tianhong Mining Group as the test sites. 
5.1. Mine summarize 
The coal seam is difficult to spontaneous combustion but the coal dust is explosive, and two coal seams of mine 
are K2 coal-seam and K4 coal-seam. The pressure of K2 coal-seam is 3.5MPa, and 3.2MPa K4 coal-seam. The coal 
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is soft and its f value is about 0.0100~0.2177, gas density is 18.934 m3/t, water composition is 0.81%, coal dust 
composition is 18.35%, volatile composition is 16.95%. K2 and K4 are both of coal and gas outburst risk coal-seam. 
5.2. Applications 
5.2.1 Ground stress test 
Fig.7 shows the fixed self-designed waterway steering device on the drilling machine (ZYG-150). 
 
 
Fig. 7. The waterway steering device 
The drilling tests of high-pressure water jet and high-pressure abrasive water jet are carrying out. The results 
are listed in Table 1. 
Table 1. The results of drilling tests by the technique 
Slot depth (mm) 
Pressure (MPa) 
Water Abrasive water 
20 2 42 
25 3 64 
30 5 81 
5.2.2 Under-ground stress test 
There are two coal seams in the front of the test working face; the thickness of K4 coal-seam is about 0.2~3.9m, 
the average thickness is 0.5m, and K2 coal-seam is about 1.2~6.5m, the average thickness is 3.6m. Considering the 
effect of tested results, we chose K2 as test coal-seam. 
(1) Testing the equipment reliability 
Connecting the pipelines and its pressure can reach 32 MPa, water flux is 70L/min, and the pipelines are in good 
condition with continued 10 minute and no making water. 
(2) Integrative drilling slotting test 
Selecting No. 10-2 hole, and getting the aiguilles away from 9.6m to the orifice by drilling machine. Firstly, 
washing the bore with a lower pressure about 5 MPa until the water flowing came from the bore is clear. Secondly, 
turning up the pressure to 25~30 MPa, at the same time, the drilling machine goes round and round to slot, then the 
water mixed with the rock flowing out, gathering the rock of 10 mm size. Thus, the experiment of cutting the rock is 
complicated. 
Backing the bore to 7.2 m, and then to test the cut coal, doing the work again. 
Doing the same woke in the drilling of NO.10-3, 10-4, 9-2, 9-3, the results is shown as follows. 
Table 2. The results of integrative drilling slotting test 
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NO. Obliquity See coal point (m) Coal thickness (m) 
10-2 25.9 6.08 1.2 
10-3 15.8 12.2 4.06 
10-4 10.4 13.68 4.56 
9-3 15.1 6.08 0.76 
9-4 9.4 11.96 4.56 
9- 1#
9- 2#
9- 3# 9- 4#
9- 5#
9- 6#
9- 7#
9- 8#
K4
K2
巷顶10m轮廓线
巷底5m轮廓线
主井-50m联络巷
9- 9#
9- 10#
9-补2
       
10- 1#
10- 2# 10- 3#
10- 4#
10- 5#
10- 6#
10- 7#
10- 8#K4
K2
m轮廓线
m轮廓线
m联络巷
10- 9#10- 10#
10-补1
10-补2
 
Fig. 8. Location of slotted drilling  
(3) Analysis 
Determination of the accurate parameters is the basis to analyze test results. Therefore, we must contrast the gas 
concentration, gas flux and the volume of slotted coal of each drilling hole. Some data for some drilling hole are 
shown in Table 3. 
Table 3. Gas concentration, gas flux of some drilling hole 
NO. Former concentration (%) Complicated concentration (%) Concentration ratio 
10-2 28 72 2.57 
10-3 60 95 1.58 
10-4 65 100 1.54 
9-3 1.5 2.3 1.53 
9-4 62 100 1.61 
NO. Former flux (m3/min) Complicated flux (m3/min) Flux ratio 
10-2 0.00046 0.00244 5.3 
10-3 0.00163 0.00786 4.8 
10-4 0.00158 0.00812 5.1 
9-3 0.00034 0.00153 4.5 
9-4 0.00182 0.00855 4.7 
Remark: pressure: 25~28 MPa; coal weight: 5 kg/min. 
Table 3 shows that the gas concentration improves 1.5 times, gas flux improves 5 times. Some cracks occur in 
coal seam due to the emissions of the coal. Therefore, the high-pressure abrasive water jet cutting technique can 
prevent the coal and gas outburst efficiently in the soft coal seam with high-gas pressure. 
6. Conclusions 
According to the researches above, some conclusions can be obtained as follows: 
1) Based on the theory of stress-relief zone, the stability conditions of stress-relief zone were established. We also 
analyzed the relationship between the stress-relief zone and coal and gas outburst, and pointed out the function of 
stress-relief zone. 
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2) We analyzed the work principle of integrative high-pressure jet of abrasive drilling slotting in reducing the 
ground stress and gas pressure, which can improve the effective effect range of a drilling hole and realize the overall 
pressure relief by forming a hole to a line, to a surface, and at last to the whole body. It can release the ground stress, 
the gas pressure, gas internal energy, and then reduce the risk of coal and gas outburst, realizing safe production. 
3) After slotted the drilling, some coal was carried out which can enlarge the plastic limit equilibrium zone and 
make the gas more easily release. The filed experiment shows that the gas concentration can improve 1.5 times and 
the flux of a drilling can improve 5 times after slotting. 
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